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DAvid,
I have not yet had a chance to look at the slides, but you should work with Amanda
to set up a meeting. I am sure they are fine for the purposes. I talked to George Gray
yesterday, and he was eager to hear our responses to the industry presentation.
Peter W. Preuss, PhD 
Director
National Center for Environmental Assessment (8601D)
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U.S. EPA
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Washington, DC, 20006
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Briefing on Ethylene Oxide (EtO) Carcinogenicity Assessment









Ready to release external review draft for public comment and SAB review



		Completed Agency and Interagency Reviews

		copies of draft assessment and of disposition of interagency comments provided prior to briefing

		SAB panel being assembled

		list of potential names

		not yet screened for COI or potential bias

		Want to release draft as soon as possible to allow for SAB and public review prior to SAB meeting in late October. 









Background

		Client Offices

		Pesticide Office

		Air Office

		In response to client needs

		At this time, assessment of cancer only

		Also, assessment of inhalation risks only









EtO Exposure

		Gas at room temperature

		Used primarily as a chemical intermediate in manufacture of ethylene glycol

		Also used as sterilizing agent for medical equipment and as fumigating agent for spices

		Largest sources of human exposure are in occupations involving contact with the gas

		Largest source of environmental exposure from residence near production or sterilizing/fumigating facilities

		EtO is not persistent in the environment



Graphic of chemical structure would be nice here







Summary of Findings

sufficient evidence of cancer in rodents

strong, but less than sufficient, evidence in humans

sufficient evidence of mutagenic mode of action for rodents and humans

hazard characterization: upgrade to “carcinogenic to humans” with less than sufficient human evidence based on mechanistic evidence

primary cancer incidence risk estimate based on lymphohematopoietic cancer mortality in males in large NIOSH study; linear dose-response function used to get PoD and linear extrapolation used below PoD based on clear evidence of mutagenicity







Summary of Findings cont.

because of mutagenic mode of action, increased early-life susceptibility should be assumed and age-dependent adjustment factors applied, in accordance with EPA’s supplemental guidance on assessing susceptibility from early-life exposure to carcinogens

considered but rejected argument for using a pure quadratic dose-response function

additional models and datasets were also considered

different models used for risk estimates for high occupational exposure levels







Sufficient Evidence of Cancer in Rodents

		Two inhalation studies of F344 rats

		male rats:  mononuclear cell leukemias in the spleen, peritoneal mesotheliomas in the testes, brain tumors

		female rats:  mononuclear cell leukemias in the spleen, brain tumors

		One inhalation study (NTP) of B6C3F1 mice

		male mice:  lung carcinomas

		female mice:  lung carcinomas, malignant lymphomas, uterine adenocarcinomas, mammary gland adenocarcinomas

		Clear evidence for each of these cancer responses









Strong Evidence of Lymphohematopoietic Cancer in Humans

		consistent evidence of increased risk across most of the >10 human studies 

		strongest evidence from large NIOSH mortality study (2004)

		largest study by far - 18,254 workers, mostly sterilizer workers

		55% female, 45% male

		relatively long follow-up period - 27 years on average

		individual exposure estimates for all workers

		exposure to other chemicals considered insignificant

		statistically significant exposure-response trends observed in males for all lymphohematopoietic cancers and for lymphoid cancers (NHL, lymphocytic leukemia, and myeloma)









More Limited Evidence of 

Breast Cancer in Humans

		primarily from large NIOSH mortality (2004) and incidence (2003) studies

		statistically significant exposure-response trend observed in mortality study

		incidence study of subcohort of 7,576 women (from the larger NIOSH study); 5,139 with interviews

		significant exposure-response trends in both full study group and subgroup with interviews

		in subgroup with interviews, numerous potential confounders were examined; important factors were accounted for in the exposure-response analyses

		some supporting evidence from a few smaller studies









Sufficient Evidence of Mutagenic Mode of Action (for all tumor types)

		key events: DNA adduct formation and the resulting genetic damage

		EtO is a direct-acting alkylating agent

		numerous studies have shown that EtO forms protein (hemoglobin) and DNA adducts in mice and rats

		exposure-response relationships for adduct formation

		DNA adducts are observed in tissues throughout the body, including lung, brain, kidney, spleen, liver, testes

		several studies of humans have reported exposure-response relationships between hemoglobin adduct levels and EtO exposure levels

		incontrovertible evidence that EtO is mutagenic from numerous in vitro and in vivo assays

		EtO induces a variety of mutagenic and genotoxic effects, including chromosome breaks, micornuclei, sister chromatid exchanges, and gene mutations

		these genetic effects occur in the absence of cytotoxicity or other overt toxicity

		we are not aware of any alternative or additional modes of action for EtO carcinogenicity 









Hazard Characterization: upgrade to “carcinogenic to humans” with less than sufficient human evidence based on mechanistic evidence

Evidence satisfies the conditions for upgrade in EPA’s 2005 guidelines for carcinogen risk assessment:

(less than sufficient) Evidence of cancer in humans associated with EtO exposure

Extensive evidence of EtO-induced carcinogenicity in laboratory animals (including lymphohematopoietic cancers in rats and mice and mammary carcinomas in mice, the same cancers observed in human studies)

EtO is a direct-acting alkylating agent whose mutagenic and genotoxic capabilities have been well established in a variety of experimental systems (sufficient evidence of mutagenic mode of action)

Chromosome damage has been observed in human populations exposed to EtO







Potentially More Susceptible Lifestages or Subpopulations



		Because of EtO’s mutagenic mode of action, and in the absence of chemical-specific data regarding early-life susceptibility, increased early-life susceptibility should be assumed in accordance with EPA’s 2005 Supplemental Guidance

		People with DNA repair deficiencies or genetic polymorphisms conveying a decreased efficiency in detoxifying enzymes may have increased susceptibility to EtO carcinogenicity









Hazard Assessment Issues 

		Upgrade of hazard characterization to “carcinogenic to humans”

		Conclusion that weight of evidence supports a mutagenic mode of action for EtO carcinogenicity

		shouldn’t be controversial but based on new analytic framework from EPA’s 2005 guidelines for carcinogen risk assessment

		Characterization of human evidence as strong but not conclusive

		main reason for finding evidence short of conclusive is unexpected finding of increased risk of lymphohematopoietic cancer in males but not in females in largest human study (NIOSH study); other human studies uninformative on this issue 









Primary cancer incidence risk estimate based on lymphohematopoietic cancer mortality in males in large NIOSH study

		Linear dose-response model used to get PoD (1% extra risk)

		Linear extrapolation used below PoD; supported by mutagenic mode of action

		Alternative estimates derived using different models/datasets











		Will contain figure comparing different risk estimates









Quantitative Risk Assessment Issues

		Selection of Analyses/Datasets

		In particular, rejection of quadratic model

		sound scientific basis for rejection, but EOIC might protest

		Application of age-dependent adjustment factors is recommended based on the conclusion that EtO is carcinogenic by a mutagenic mode of action

		in accordance with EPA’s 2005 supplemental guidance on assessing susceptibility from early-life exposure to carcinogens, but this is a new feature in EPA risk assessments

		calculations using the ADAFs are presented

		Risk estimates for high occupational exposures are presented

		not commonly done in EPA risk assessments

		different dose-response models are used









Characterization of Uncertainty in the Carcinogenicity Assessment

		Qualitative discussion of weight of evidence for hazard characterization (Section 3.5.1)

		Strengths and limitations of epidemiologic studies discussed extensively in Appendix A and summarized in Section 3.1

		Extensive qualitative discussion of uncertainties in cancer risk estimates (Section 4.1.3; 8 pages)

		Comparisons with risk estimates from other assessments/publications (Sections 4.4.1 and 4.4.2)

		Multiple analyses/datasets explored (sensitivity analysis with respect to different assumptions) (Section 4)

		MLEs and upper bounds of risk are calculated (Section 4.3)

		









Cancer Risk Estimates Derived from Multiple Analyses/Datasets: Epidemiologic Data

		NIOSH study data for lymphohematopoietic cancer and breast cancer modeled with supralinear, sublinear, and linear models

		Estimates derived for cancer mortality and incidence

		For lymphohematopoietic cancer, estimates derived for all lymphohematopoietic cancer and for subcategory of “lymphoid” cancers

		For breast cancer, estimates derived for full cohort and subcohort with interviews, and for invasive and in situ tumors combined and invasive tumors only















Cancer Risk Estimates Derived from Multiple Analyses/Datasets: Rodent Data

		Cancer risk estimates derived from all 3 bioassays for tumor sites individually (by sex/species/bioassay) and combined (within sex/species/bioassay)









Characterization of Uncertainty

in the IRIS Summary

		Summary of human carcinogenicity data (II.A.2) includes qualitative discussion of strengths and limitations of the epidemiologic studies and weight of human evidence

		First section on inhalation unit risk estimates (II.C.1.1) cross-references alternative risk estimates in II.C.3

		Alternative risk estimates are discussed (II.C.3) and corresponding sections of the carcinogenicity assessment are cross-referenced

		Extensive qualitative discussion of confidence in the risk estimates (II.C.4; 3 pages) 









Ethylene Oxide Industry Council

Risk Estimates (Kirman et al., 2004)

		Risk estimates (for leukemia mortality only) based on quadratic (dose-squared) model and combined data from NIOSH 1993 and smaller Union Carbide 1993 studies

		Assumes leukemias are due to chromosome translocations and that these require 2 independent chromosome breaks and, thus, leukeimas should be modeled with a dose-squared model

		Claims combined epidemiologic data support quadratic model 









Discussion of EOIC Estimates

		Evidence exists that invalidates the assumption that chromosome translocations are the sole initiating events for leukemias

		Even if two reactions with DNA are early events in some EtO-induced lymphohematopoietic cancers, it is not necessary that both events be associated with EtO exposure

		Several studies of translocation frequencies find these to be linear with dose

		Data from more recent NIOSH update (2003, 2004), with longer follow-up time and more cases, not consistent with quadratic model









Next Steps

		Clearance for release of external review draft for SAB review and public comment

		SAB review panel is being assembled in preparation for tentative SAB review meeting in October

		For October review meeting, would need to release external review draft by end of August









Ethylene Oxide Assessment Team

Jennifer Jinot

Henry Kahn (Chemical manager)

Nagu Keshava 

Robert McGaughy

Ravi Subramaniam









    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    

    
        
        
        
        
        
        
        
        
        
                
                    
        
        
        
        
        
        
        
        
        
        
        
        
        
                    
                    



Peter,

If you are willing to wait, I hope I can get you a revised package Monday, or maybe
Tuesday.

But, if you know next week will be hectic, feel free to look at this version.   It needs
page numbers, better punctuation, etc..   And, it might benefit from some other
minor improvements.   But, it is a pretty good first cut.

I would really like to try to get on Gray's calendar July 18-20 if at all possible.   On
talking a bit, I do think Jennifer knows the biology arguments in addition to the math,
and there are lots of epidemiology modeling issues Gray could ask, such that I think
we are well-served to brief him if we can prior to Jennifer going out on sick leave July
21.   Nor can I be sure when she will be up for joining a briefing by phone or in
person in August.

Can you see if you agree the briefing materials are nearly there, and would you be
okay of we (or you or Amanda) asked if there was any way to squeeze into Gray's
calendar July 18, 19th or 20th?

David Bussard

Director, Washington Division
National Center for Environmental Assessment (NCEA)
Office of Research and Development
U.S. Environmental Protection Agency
tel: 202-564-3247
email: bussard.david@epa.gov

----- Forwarded by David Bussard/DC/USEPA/US on 07/07/2006 05:47 PM -----

Jennifer Jinot/DC/USEPA/US 
07/06/2006 08:46 PM    
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hopefully these slides are close to adequate.  please provide any comments by early
afternoon tomorrow.  or not, but then y'all are on your own for revising them next
week, unless they can wait until 17 july, cuz i'll be on travel all next week.  i still have
to create and insert a figure comparing different risk estimates, which i'll try to do
asap tomorrow.  then i'll also prepare clean electronic files of the IRIS summary and
carcinogencity assessment (i.e., minus redline stuff).  Henry, please assemble copies
of Kirman paper and Steenland et al. (2003 and 2004) and anything else we need to
provide Gray in advance.  thanks.  jj


